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Summary Recent studies show that in diabetic subjects an increase of plasma fibrinogen concentration is associated with a high risk of cardiovascular complications. Environmental and genetic factors contribute to the plasma fibrinogen concentration. Several studies indicate a relation between the polymorphism in the 5 ¢ region of the b-fibrinogen gene and plasma protein concentrations and in diabetes the possible influence of hyperglycaemia on fibrinogen is still debated. In this study we investigated these relations. Hind III polymorphism was evaluated by a polymerase chain reaction-technique. On the basis of the observed allelic combination of fibrinogen bgene polymorphism and the existence of poor metabolic control (glycated haemoglobin ³ 7.5 %), 50 Type II diabetic patients were selected. They were divided into three groups according to their b-gene polymorphism (a1a1: n = 20, a1a2: n = 15, a2a2: n = 15) and then intensive insulin therapy was started. After 3 months of intensive treatment, the improvement in glycaemic control was equivalent, in terms of glycated haemoglobin, in all the three groups. A fibrinogen reduction was observed in a1a2 and a2a2 but not in a1a1 subjects. These results underline a possible relation between fibrinogen genotypes and glycaemic control in determining plasma fibrinogen concentrations in diabetic patients. [Diabetologia (1998) 
41: 1270±1273]
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chain appears to have a limiting role in the production of the two other components of fibrinogen [9] and the markers of the b fibrinogen gene showed stronger correlations with fibrinogen plasma concentrations than did those of the a or g chains [9] . Of the possible fibrinogen polymorphisms, the G-A substitution in the 5 ¢ flanking region of the b-fibrinogen gene appears to be associated with the greatest differences in plasma fibrinogen concentrations [10] .
The importance of a gene-environment interaction in determining fibrinogen plasma concentrations and the consequent risk of cardiovascular disease, has been affirmed frequently [11] . An important issue, notably in diabetic patients, is the relation between fibrinogen plasma concentrations and hyperglycaemia, since the studies in this area have produced conflicting results [6] .The object of this study is to evaluate the possible relation between glycaemia, the b-fibrinogen gene polymorphism and fibrinogen plasma concentrations in diabetic patients.
Subjects and methods
Type II diabetic patients (n = 50) with poor metabolic control, treated with diet and oral hypoglycaemic agents (31 men and 19 women; aged 58.9 ± 1.4 years, means ± SEM; duration of diabetes 11.0 ± 1.3 years, BMI 25.2 ± 1.2), were selected on the basis of the observed allelic combination (a1a1: n = 20, a1a2: n = 15, a2a2: n = 15) for fibrinogen b-gene polymorphism and for HbA 1 c of 7.5 % or more. The three groups were well matched for clinical characteristics ( Table 1) . None of the selected subjects had clinically symptomatic macroangiopathy as judged by pathological changes in the resting electrocardiogram, a history of cardiac angina, intermittent claudication, myocardial or cerebral infarction. None had microalbuminuria or macroalbuminuria.
This study was approved by the ethics committee of our institution. All subjects gave informed consent to the study after a detailed explanation of its experimental nature.
In all subjects fasting plasma glucose, HbA 1 c , fibrinogen and C-reactive protein plasma concentrations were evaluated at the start of the study. Better blood glucose control was then attempted in each patient by the use of three or four daily injections of insulin. All patients did self blood glucose monitoring and came to our unit weekly for assessment of therapy. All variables were evaluated after 3 months of improved metabolic control.
Plasma glucose was assayed by the glucose-oxidase method. HbA 1 c was measured by HPLC. Plasma fibrinogen was measured by the method of Clauss [12].
Hind III fibrinogen polymorphism was evaluated by a polymerase chain reaction (PCR)-based technique [13] . From each patient 18 ml of blood was drawn into 2 ml of 3.8 % sodium citrate. For DNA extraction, peripheral blood leucocytes were incubated overnight at 37°C in a digestion buffer (100 mmol/l NaCl, 10 mmol/l tris (hydroxymethyl)amino-methane (TRIS)-HCl, 25 mmol/l EDTA, 1 % SDS) containing 0.1 mg/ml of proteinase K. Nucleic acid was isolated by phenol/chloroform extraction and ethanol precipitation. Polymerase chain reaction was carried out on 100 ml volume samples [8] , in a Perkin Elmer-Cetus thermal cycler Norwalk-Connecticut, USA. Each sample contained 0.5 mg of genomic DNA, 15 pmol of each primer (5 ¢-3 ¢): AAGAATTTGGGAATG-CAATCTCTGCACCT for the coding strand of DNA and CTCCTCATTGTCGTTGACACCTTGGGAC for the noncoding strand, 100 mmol/l of dNTP, 10 mmol/l Tris HCl pH 8.3, 50 mmol/l KCl, 2.5 mmol/l MgCl 2 0.001 % (weight per volume) gelatin, and 2.5 U thermostable Taq polymerase. The solution was overlaid with 50 ml of mineral oil. The initial cycle consisted of steps at 93°C for 3 min, at 60°C for 1 min and at 72°C for 3 min. The 30 subsequent cycles, were at 93°C for 1 min, at 60°C for 1 min and at 72°C for 3 min. Finally, 20 ml volumes of the amplification product were digested for 4 h at 37°C with 1 U of the HAE III restriction enzyme and the fragments fractionated by 2.5 % agarose-gel electrophoresis in a 40 mmol/l Tris-Acetate buffer pH 7.7 that contained 1 mmol/l EDTA and 0.5 mg/ml ethidium bromide, and made visible under UV light.
Statistical analysis was performed by matched Student's t-test, linear regression analysis and by analysis of variance.
Results
Basal values of fibrinogen were greater in the a2a2 group (F = 16.6, p < 0.001) but HbA 1 c was not different between the groups (F = 0.4, p = NS) ( Table 2) . A correlation was shown between basal values of fibrinogen and HbA 1 c in all the groups: (a1a1: r = 0.53, p < 0.01; a1a2: r = 0.90, p < 0.001; a2a2: r = 0.72, p < 0.002). This correlation remained even when the groups were pooled (r = 0.47, p < 0.001).
After insulin therapy, an improvement of glycaemic control was observed, in terms of HbA 1 c reduction, in all three groups ( Table 2 ). The HbA 1 c values observed at the end of the study were not different between the groups (F = 0.4, p = NS). A fibrinogen reduction was observed in a1a2 and a2a2, but not in a1a1 (Table 2) . At the end of the study there was no difference in fibrinogen plasma concentrations between the groups (F = 1.9, p = NS). The decrease, percentage of variation in respect to basal value, was Values are expressed as means SEM not detectable in the a1a1 group (±3 ± 1.3 %), intermediate in the a1a2 group (±18 ± 5.4 %), and very evident in the a2a2 group (±25 ± 1.7 %) , with a difference (F = 32.4, p < 0.001) between the groups. A correlation was also found at that time between fibrinogen and HbA 1 c in all the groups: (a1a1: r = 0.62, p < 0.004; a1a2: r = 0.89 , p < 0.001; a2a2: r = 0.51, p < 0.05). This correlation remained even when the groups were pooled (r = 0.61, p < 0.001).
C-reactive protein was in normal range at baseline and did not change at the end of the study (Table 2) .
Discussion
In recent years fibrinogen has emerged as a predictor of cardiovascular events in diabetes [6] . Initial hyperfibrinogenaemia was associated with the subsequent occurrence of macroangiopathy and the risk of cardiovascular disease has been found to be increased in diabetic patients with high fibrinogen plasma concentrations [6] .
Evidence suggests that both genetic and environmental factors concur in producing vascular complications in diabetes, and this could also be true in the particular case of fibrinogen as a cardiovascular risk factor.
Studies on the relation between fibrinogen plasma concentrations and/or certain genotypes and/or the risk of cardiovascular adverse events have had variable outcomes. Increased fibrinogen plasma concentrations were reported in normal subjects with the a2a2 genotype [10] , however, a relation between a2a2 genotype and cardiovascular disease in non-diabetic subjects could not be established firmly [11] . In Type II diabetic patients fibrinogen b-gene polymorphism, but not fibrinogen plasma concentration, was found to be associated with cardiovascular risk [14] , but in a group of subjects from a metabolic ward, including diabetic and non-diabetic patients, fibrinogen plasma concentration, but not fibrinogen b-gene polymorphism, was related to the ischaemic complications of atherosclerosis [15] .
The relation between fibrinogen and hyperglycaemia is still debated, and data are not uniform. A correlation between fibrinogen and HbA 1 c has been reported frequently in both diabetic and non-diabetic groups [16±20]. Moreover, HbA 1 c values have been reported to be independent predictors of fibrinogen plasma concentrations in Type II diabetic patients [21] and in both Type I and Type II diabetic patients there is evidence that fibrinogen concentrations are reduced by improving glycometabolic control [6] . Conversely, such an effect could not be confirmed in Type I diabetes in the DCCT [22] , nor in a recent study with Type II diabetic patients [23] . In the latter study, however, as in our results, a positive correlation between fibrinogen and HbA 1 c emerged both at the beginning and at the end of the study, when HbA 1 c was reduced [23] .
Our data show that glycaemic control strictly influences plasma fibrinogen concentrations in diabetic patients in whom basal fibrinogen concentrations are increased, i. e. essentially those patients with a2a2 genotype. These data suggest that the presence of a2a2 genotype could be the factor that combines with glycaemia in determining fibrinogen plasma concentrations in diabetes. The a1a2 genotype is associated with an intermediate condition between a1a1 and a2a2.
This finding may partly explain why previous studies produced divergent data about the influence of glycometabolic control on fibrinogen plasma concentrations in diabetes, since an undetermined proportion of subjects with the a2a2 genotype in the groups recruited for those studies could have had a major influence on their outcome.
It is well known that inflammation and smoking influence fibrinogen plasma concentrations [11] . In our study these influences should be irrelevant, since Creactive protein was in the normal range at baseline and at the end of the study and only a small number of subjects were smokers, and they were uniformly distributed in the groups.
The persistent correlation between fibrinogen and HbA 1 c also in diabetic patients with a1a1 genotype, at baseline as well as at the end of the study, is difficult to explain. These data should be considered consistent, however, with evidence from previous studies showing the existence of that correlation in large nondiabetic groups [16, 18, 20] . Since both HbA 1 c [24] and fibrinogen [1] are independent cardiovascular risk factors, even in non-diabetic people, we suggest that the interrelation between fibrinogen and glucose Values are expressed as means ± SEM metabolism is more complex than has been thought. Studies taking into account several other factors influenced by glycometabolic control, such as lipid profile, oxidative stress or inflammation could succeed in elucidating this issue.
In conclusion, our results, showing a relation between glycaemic control and fibrinogen plasma concentrations in diabetic patients with the a2a2 genotype, underscore the importance of the interaction between genetic and environmental factors in the pathogenesis of vascular diabetic complications.
